Abstract
Introduction

46
Biological invasion has far reaching impacts on ecological functions and the ecological 47 diversity of native environments [1] [2] [3] [4] [5] . The invasive species have high fecundity, and once the 48 invasion succeeds, it is easy to form the predominant population. The success of biological 49 invasion is not only determined by the physiological and genetic characteristics of invasive 50 species, but also by the factors such as population density and nutrient levels [6] [7] [8] [9] [10] .
51
The nutrient is one of the important factors for plant growth. Previous studies have found 52 that traits associated with the resource used determine the invasion success of several invasive 53 species [11, 12] . Invasive plants generally show stronger photosynthesis and growth when 54 invading habitats with richer nutrients [12-15]. Therefore, the nutrient level is also associated 55 with the invasion success [9] . The research on the influence of nutrient on invasive plants plays 56 an important role in understanding the successful plant invasion.
57
The competition among plants is also an important factor affecting the spatial distribution, 58 dynamics and species diversity, promoting the succession of communities [16] . Invasive plants 59 can replace local plants through interspecific competition, accomplishing the process of 60 successful invasion [17] . However, when invasive plants spread to a certain extent, there is a 61 degree of intraspecific competition. In order to adapt to this change, plants tend to change their 62 own characteristics, such as plant height, biomass of branches and physiological characteristics 63 of leaves, etc [18, 19] . And this phenotypic plasticity allows invaders to allocate more nutrients 64 than their native counterparts to increase biomass [20, 21] . Several studies found that the 65 physiological indexes of invasive plant under high density are less than those under low 66 population density [8, 22] . Plant density determines the competitiveness of aquatic clonal plants 
112
In the experiment, the compound fertilizer with the ratio of nitrogen and phosphorus (N: P 113 = 4: 1) similar to Nansi Lake was used as the nutrient source. According to our previous 114 experiments, the medium nutrient gradient in this experiment is the most suitable for the 115 growth of A. philoxeroides [37] . 
Effects of density on Plant Biomass Index and Morphology
175
Index under different nutrient gradients 176 Results showed that the interaction between nutrient level and plant density significantly 177 affect the leaf biomass of per plant, single plant biomass, total leaf biomass and total biomass of 178 a whole pot (Table 2) .
179
Under three nutrient levels, the leaf biomass of single plant and the biomass of single plant all 180 decreased significantly with the increase of planting density (Table 3) . Among various nutrient 181 levels, under three planting density, the reduction rate of leaf dry weight per plant was 47.9%, 182 53.9%, 62.5%; the reduction rate of biomass per plant was 57.2%, 64.4%, 63.4% (Table 3) . At 11 183 different nutrient levels, the difference in the leaf biomass of per plant between low density (1) 184 and medium density (2) was slightly greater than the difference between medium density (2) and 185 high density (4) ( Table 3) . At every nutrient levels, there was a significant difference in the 186 biomass of single plant among all three planting densities (Table 3) . In low nutrient level (A), the 187 difference between medium planting density (2) and high planting density (4) is slightly larger 188 than that between low planting density (1) and medium planting density (2) ( Table 3 ). Under 189 medium nutrient (B) and high nutrient (C), the gap between low density (1) and medium planting 190 density (2) is slightly larger than medium planting density (2) and high planting density (4) ( Table   191 3).
192
At the three nutrient levels, the total leaf biomass and the total biomass of a pot all 193 increased significantly with the increase of planting density (Table 3) . To total leaf biomass of A. (Table 3 ). For total biomass of a pot, at low nutrient level (A), the difference between 198 medium planting density (2) and high planting density (3) is significantly smaller than that 199 between low planting density (1) and medium planting density (2), besides there is no significant 200 difference between low planting density (1) and medium planting density (2) at medium (B) and 201 high (C) nutrient levels (Table 3) .
202
According to the two-way ANOVA analysis ( 
217
The SLA of A. philoxeroides increased significantly with the increase of nutrient level (Fig 1) .
218
Different planting density had certain effects on the SLA of A. philoxeroides, which was the 219 highest under medium planting density (2) and the lowest under high planting density (4), and 220 both have significant differences (Fig 1) . 227 We found that nutrient levels and planting densities on the photosynthetic rate of A.
228
philoxeroides has a obvious interaction, and for the total chlorophyll content, they had no 229 significant interaction to it (Table 2) .
230
The analysis of photosynthetic rate and total chlorophyll content of A. philoxeroides under 231 different treatments showed that the change trend of the two indexes are basically the same, 232 and both of them increased with the increasing nutrient level (Fig 2) . The photosynthetic rate of 233 medium planting density (2) of the three nutrient levels were the highest and had significant 234 differences, and they were the lowest under the treatment of high density (3) (Fig 2-A) . The total 235 chlorophyll content of the medium nutrient (B) and high nutrient (C) had obvious differences (Fig   236  2-B) . The total chlorophyll content of A. philoxeroides reached the maximum under high nutrient 14 237 level (C), and for the planting density, when the planting density was medium (2), the total 238 chlorophyll content of A. philoxeroides reached the maximum (Fig 2-B) . 
246
The data were analyzed and fitted by SPSS software. The fitting coefficients (R 2 ) of the light 247 response curve of each group were all greater than 0.9, which showed that the curve fitting 248 degree was better and the photosynthetic characteristic of A. philoxeroides could be more 249 accurately reflected.
250
With the increase of the nutrient level, the maximum photosynthetic rate (Pn max ) of A.
251
philoxeroides increased in different degrees, so the Pn max at the high nutrient level (C) were the 252 largest (Table 4) . Among different planting density the Pn max of A. philoxeroides were the largest 253 at the treatments of medium planting density (2) , and the Pn max of A. philoxeroides was minimal 254 under the high planting density (4) ( Table 4) . Besides, under the same nutrient level treatment, 255 there were significant differences among the three different planting densities on the Pn max of A.
256 philoxeroides (Table 4) .
257
The light compensation point (LCP) and light saturation point (LSP) of A. philoxeroides under 258 different nutrient treatments were the biggest when planting density was medium (2), and when 259 the planting density was high level (4), the value of LCP and LSP were the smallest (Table 4) . At 260 the same planting density, both LCP and LSP increased with increasing nutrient levels, among 261 them, there was a larger gap between medium nutrient (B) and high nutrient (C) ( Table 4) . Under 15 262 the same nutrient level, at the difference of the value of LCP and LSP between medium planting 263 density (2) and high planting density (4) was larger than that between medium planting density 264 (2) and low planting density (1) ( Table 4) . 
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